(Received for publication February 9, 1999) UK-2A, a novel antifungal antibiotic, is a structural relative of antimycin A3 (AA) and its mode of action is similar to that of AAwhich inhibits mitochondrial electron transport at complex III. In spite of their structural resemblance, AAhad strong cytotoxicity while UK-2Ahad little cytotoxicity against LLC-PK1cells as well as other types of cultured cells. When cells were treated with UK-2Aor with AAthe intracellular ATPcontent decreased significantly within 5 minutes in glucose-free mediumto almost the same extent in both cases. Moreover, under the same conditions, UK-2Akilled cells at a similar rate to AA. This suggested that UK-2Aentered into the cells and, like AA, inhibited mitochondrial electron transport. On the other hand, AAstimulated reactive oxygen species (ROS) production within 5 minutes even at a low concentration of 1 fiM whereas UK-2A did not show such an effect. The difference in the ROS-producing abilities of UK-2Aand AAmay account for the different cytotoxic effects of the two compounds.
UK-2Awas one of the novel antifungal antibiotics isolated from Streptomyces sp. 517-02. Its structure is very similar to that of antimycin A3 (AA).1~3)
Moreover, both compoundsinhibit electron transport at complex III in mitochondria from both yeast and rat liver4). UK-2Ashows very weak cytotoxicity whereas AA is toxic to various kinds of cultured cells, besides being an antibiotic, an insecticide, and a miticide5).
Our previous report suggested that the low cytotoxicity of UK-2Awas due to its limited penetration of the cell membrane4).
Recent studies have indicated that the cytotoxic activity of AArelates to programmed cell death (PCD) such as apoptosis6) and secondary necrosis, associated with production of reactive oxygen species (ROS)7), activation of caspases8), de novo synthesis of ceramide9) and release of cytochrome c into cytosol. 10) Wewish to report here that UK-2Acan penetrate the membraneof cultured cells and inhibit mitochondrial electron transport, but there is a difference between UK-2A and AAwith respect to ROS production, which is the most rapid event considered as the trigger of PCD in LLC-PK1 cells. Ltd.) with excitation at 488nm and emission at 525nm. Experiments were performed three times and the values are means + standard deviations.
Results and Discussion
As previously described, UK-2A is a structural relative of antimycin A3 (Fig. 1) . The differences in their structures was account for significant differences in biological properties1}. Table 1 shows cytotoxic effect of UK-2Aand AAon several types of cultured cells. UK-2A had little cytotoxicity against LLC-PK1cells as well as other cells reported previously.1} AAwas cytotoxic even at very low concentrations. This could be attributed to the limited permeability ofUK-2A to the cell membrane. To investigate this problem, intracellular ATP content was measured in glucose-free DMEM. As shown in Fig.  2 , it decreased significantly after 5 minutes exposure to 10juM of UK-2A. After 30 minutes exposure, it reached the same level as for cells treated with AA. Similar effects In glucose-free DMEM with the addition of IO^m of UK-2Aor AA, cells probably die of ATPdeprivation. Many studies suggest that cell death caused by AA relates to the activation of cell death program in addition to less ATP content.7~11} Fig. 3 shows the time course of cell death induced by UK-2A and AA in glucose-free DMEM. UK-2A killed cells almost as effectively as AA. After 2 hours exposure to UK-2Aand AA, significant injury of the cells was observed under light microscope in contrast to control cells as previously described17) (data not shown). Furthermore, the effects of UK-2Aand AAon ROS generation in LLC-PK1 cells were examined. Fig. 4A shows that UK-2Adid not stimulate ROSgeneration at an effective concentration of 10jum ( Fig. 2 and 3 ). By contrast, AAstimulated ROSgeneration even at 1 jum and the effect was dose dependent. Ubisemiquinone is regarded as a direct electron donor for superoxide formation22). AAis a well known Qi center inhibitor23). UK-2Apenetrated into the cells and inhibited mitochondrial electron transport as shown in Fig. 2 
